Serratia marcescens N28b synthesized and secreted a bacteriocin, with a molecular mass of 45 kDa, which was capable of inhibiting the growth of Escherichia coli. The expression of this bacteriocin was negligible unless induced with mitomycin C. The genes encoding the bacteriocin were cloned in plasmid pBR328. E. coli harbouring recombinant plasmid pBA189 or pBA289 expressed the Serratia rnarcescens N28b bacteriocin. The nucleotide sequence of the bss gene (Serratia marcescens N28b bacteriocin structural gene) was determined. The predicted amino acid sequence of the carboxy-terminal part of the bacteriocin 28b had a high degree of similarity to the poreforming domains of colicins A, El, B, N, Ia and Ib.
Introduction
Most studies on protein excretion in Gram-negative bacteria have been carried out in Escherichia coli, although this bacterium appears to be rather restricted in its ability to secrete proteins into the extracellular medium. From these studies two models for protein export have emerged: (i) proteins are synthesized as precursors with a signal peptide essential for proper protein secretion (Oliver, 1985; Reguk & Wu, 1988) ; (ii) other exported proteins are synthesized without a recognizable signal peptide and their release is accomplished by one or more helper proteins (e.g. a-haemolysin, colicins A, El, etc.) (Pugsley, 1988; De Graaf & Oudega, 1986) .
So far, the best known colicins are encoded by colicinogenic plasmids. Usually, an operon containing three genes is involved in colicin synthesis and release. These genes are : a structural gene, an immunity protein gene and a gene coding for a bacteriocin release protein.
The bacteriocin release protein is a membrane polypeptide which is essential for colicin release (De Graaf & Oudega, 1986) . The transcription of colicin operons is normally repressed by the LexA protein. This protein regulates the expression of the genes involved in the 30s' response (Walker, 1987) . Little is known about the mechanisms of bacteriocin release in enterobacteria other than E. coli.
Serratia marcescens has been shown to produce bacteriocins upon induction with ultraviolet light and these bacteriocins have been used in typing S. marcescens isolates (Traub, 1980) . Foulds & Shemin (1969) and Foulds (1972) isolated and characterized bacteriocin L from S. rnarcescens. Nevertheless, little is known about the genetic organization and release mechanisms of S. marcescens bacteriocins. In this work, the cloning of the genes coding for the S. marcescens N28b bacteriocin in pBR328 and the nucleotide sequence of the putative bacteriocin structural gene are reported. The nucleotide and amino acid sequence data reported in this paper have been submitted to EMBL and have been assigned the accession number X62454.
Met hods
Bacterial strains and media. S. marcescens N28b has been described previously (Gargallo-Viola, 1989 ). E. coli 5K F-rcm; rpsL thr thi leu lac2 (Juarez et al., 1984) was used as recipient for the genomic library of S. marcescens. E. coli XL1-Blue (Bullock et al., 1987) chloramphenicol (25 pg ml-I) were added to the media when needed. For the induction of bacteriocin synthesis, mitomycin C (0.2 and 2.0 pg ml-' for E. coli and S. marcescens, respectively) was added to cultures at a culture OD660 of 0.5, and the cultures were grown for a further 2.5 h. The bacteriocin was harvested as previously described for bacteriocin L (Foulds & Shemin, 1969) .
Bacteriocin assay. The production of bacteriocin on solid medium (TSA) was determined by the agar overlay test (Pugsley & Oudega, 1987) . To quantify bacteriocin activity, twofold serial dilutions of bacteriocin preparations were placed on fresh TSA plates inoculated with 200 pl of an overnight culture of the indicator strain. The titre of bacteriocin activity was defined as the reciprocal of the largest dilution able to inhibit growth of E. coli.
Partial bacteriocin purification.
Crude preparations of bacteriocin were subjected to QAE-Sephadex and SP-Sephadex chromatography. Fractions containing bacteriocinogenic activity were subjected to SDS-PAGE to determine the apparent molecular mass of the bacteriocin.
Construction of the genomic library. Isolation of total DNA, partial digestion with Sau3A and ligation to BumHI-cut pBR328 DNA was done as described by Maniatis et al. (1982) . Standard methods were used to determine the restriction map of the recombinant plasmids and for the construction of subclones in plasmid pBR328 and pSK (Bluescript I1 SK from Stratagene).
On: Sat, 22 Dec 2018 09:06:43 15  75  135  20  195  40  255  60  315  80  375  100  435  120  4 95  140  555  160  615  180  675  200  735  220  795  240  855  260 Construction of unidirectional deletions. A 6.5 kbp HindIII-BgnI DNA fragment from pBA289 insert was subcloned in the pSK vector. The resulting plasmid (pBA. SKHB) was digested with KpnI and Hind111 and a set of unidirectional deletions was constructed using an ExoIII/Mung bean nuclease deletion kit (Stratagene). The shortest subclone still retaining bacteriocinogenic activity (pBA .191) was digested with Sac1 and XbuI and another set of unidirectional deletions was constructed.
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DNA-directed protein synthesis in vitro. In vitro transcription/ translation was carried out by using [35SJmethionine from (Amersham) with the DNA-directed transcription/translation kit (Amersham), as instructed by the supplier. Radiolabelled proteins were resolved in SDS-PAGE (Laemmli, 1970) and identified by autoradiography. Amino acid sequence analysis. All alignments of the amino acid sequence derived from the nucleotide sequence were performed using the Multalin computer program (Corpet, 1988) . The hydrophobic profile (window size: 7 amino acids) was calculated according to Eisenberg er al. (1984) .
Results and Discussion
Bacteriocin production S. marcescens N28b had bacteriocinogenic activity. This could be shown both on solid media (overlay test) and in broth cultures. The bacteriocinogenic activity was inducible by mitomycin C and could be detected in the cytoplasmic and extracellular fractions of exponentially growing cultures 2.5 h after induction. Without induction no bacteriocinogenic activity was detectable in exponentially growing broth cultures, although bacteriocinogenic activity could be detected in non-induced overnight cultures. So, the behaviour of this bacteriocin was similar to the S . marcescens bacteriocin L (Foulds & Shemin, 1969) .
Localization of the bacteriocin genes
Since most colicins are plasmid encoded, the plasmid profile of S . marcescens N28b was studied. A 3 kb plasmid was detected in this strain. This plasmid turned out not to be related to bacteriocin production, since cured strains still remained bacteriocinogenic and E. coli 5K transformed with this plasmid did not produce bacteriocin (data not shown). Using different methods of plasmid preparation no other plasmids could be detected, suggesting that the S. marcescens N28b bacteriocin could be chromosomally encoded.
Cloning of the bacteriocin genes
A genomic library of S . marcescens N28b DNA was constructed using plasmid pBR328 as a vector. E. coli 5K was transformed with the genomic library. From about 2000 clones screened two clones were found to produce bacteriocin. The two recombinant plasmids were purified and characterized. As shown in Fig. 1 , both recombinant plasmids (pBA 189 and pBA289) shared a region of DNA of about 9.5 kb. Several subclones were constructed from plasmid pBA289, either by removing restriction fragments or by unidirectional deletion with Exonuclease I11 and Mung bean nuclease. Each subclone was tested for bacteriocin production (Fig. 1) . The results indicated that the genes encoding S. marcescens N28b bacteriocin are located in a region of about 2.0 kb.
Renaturation of bacteriocin after SDS-PAGE
Several proteins, including bacteriocin L, have been shown to be renaturable after SDS-PAGE (Lacks & Springhorn, 1980; Foulds, 1972) . To test the behaviour of bacteriocin 28b, sonicated cell-free extracts of E. coli 5K(pBA 189) and crude extracellular bacteriocin preparations from induced s. marcescens N28b cultures were subjected to SDS-PAGE; the gels were then sliced into 5 mm slices, protein was eluted in 50 mM-phosphate buffer (pH 7.0) and bacteriocinogenic activity was assayed. Bacteriocin 28b was renaturable, since protein from one eluted slice was still bacteriocinogenic (data not shown). When the protein from the eluted bacteriocinogenic slice was subjected to SDS-PAGE and stained with Coomassie Brilliant Blue R-250 protein bands were located in the 30 to 50 kDa region (see Fig. 3a, lane 3) .
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Partial purijication of the bacteriocin
Crude extracellular bacteriocin preparations from S . marcescens N28b were applied to a QAE-Sephadex column previously equilibrated with 50 mM-phosphate buffer (pH 8-0). Chromatographic separation was accomplished under starting conditions and bacteriocin activity was found in the void volume. The pooled void volume fractions from the QAE-Sephadex column were applied to an SP-Sephadex column previously equilibrated with 50 mM-phosphate buffer (pH 8.0). The column was washed sequentially with starting buffer, buffer containing 0.1 M-NaCl, and buffer containing 0.2 MNaCl (pH 8.0). Bacteriocinogenic activity eluted as a single peak with phosphate buffer containing 0.1 MNaCl (Fig. 2) . The pooled fractions from the SPSephadex column were dialysed, lyophilized, and subjected to SDS-PAGE (Fig. 3a, lane 4) . Two polypeptide bands were found, with molecular masses of 45 and 17 kDa. Since SDS-PAGE of eluted gel slices containing bacteriocinogenic activity showed polypeptide bands in 2 60 270 280 2 90 300 310 the 30 to 50 kDa region, it was concluded that the 45 kDa band corresponds to bacteriocin 28b. Moreover, a
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[ SS]methionine-labelled polypeptide of molecular mass 45 kDa was detected in the in vitro products programmed by pBA .290 DNA (the smallest subclone from pBA189 still conferring bacteriocinogenic activity), but not in the in vitro products programmed by pSK DNA (Fig. 3b) . Taken together, these results suggested that the 28b bacteriocin had been cloned in E. coli. Since the 17 kDa 1568 bp was determined (Fig. 4) . The size of the bss open reading frame was 1347 bp. A putative ribosomebinding site was found 9 bp upstream of the bss gene. N o -10 or -35 sequences were found in the 75 bp sequenced upstream of the open reading frame. An inverted repeat sequence was found after the stop codon. This inverted repeat sequence could be the transcription terminator of the bss gene.
polypeptide appears in the partial purified bacteriocin, but not in the in vitro transcription/translation system, Analysis of the deduced bacteriocin amino acid sequence most Probably this Polypeptide is not related to the The predicted product of bss gene is a 449-amino-acid bacteriocin.
polypeptide with a calculated molecular mass of 47.5 kDa, which is close to the 45 kDa value obtained Nucleotide sequence of the S . marcescens bacteriocin from the partially purified bacteriocin. Inspection of the structurai gene (bss) predicted amino acid sequence reveals a glycine-and proline-rich amino-terminal region. The carboxy-A set of recombinant plasmids was used to determine the terminal region is rich in lysine residues and contains a nucleotide sequence of the bss gene. A sequence of stretch of 44 uncharged hydrophobic amino acid residues flanked by acidic residues. This feature is also found in the carboxy-terminal part of the pore-forming colicins. According to hydrophobicity profiles, this stretch of sequence could be a membrane-spanning sequence (Pattus et al., 1990) . The hydrophobicity profile of the carboxy-terminal part of bacteriocin 28b shows a high degree of similarity to the corresponding domain of colicin A (Fig. 5) . The amino-terminal amino acid sequence alignment of bacteriocin N28b and colicin A (Fig. 6 ) shows a high degree of similarity in the first 45 residues, with 35 identical residues. The carboxyterminal amino acid sequence alignment of bacteriocin 28b (from amino acid 256 to 449) to the pore-forming domains of several colicins (Fig. 7) also shows a significant degree of similarity. The similarity is not very strong but is spread throughout the entire carboxyterminal sequence: 60% of the bacteriocin 28b residues are identical to one or more from the other colicins, although the level .of similarity to each colicin is only 23 to 30%. On the basis of sequence similarity of the carboxy-terminal amino acid sequence (pore-forming domain), colicins have been grouped in two families, the colicin E 1 family (including colicins E 1, Ia and Ib) and the colicin A family (including colicins A, B and N) (Pattus et al., 1990) . Bacteriocin 28b appears to be in an intermediate position between the colicin A and colicin E 1 families. These results suggest that bacteriocin 28b has a pore-forming ability and that this could be the killing mechanism of this bacteriocin.
